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CHAPTER 1. INTRODUCTION
Travis J. LaDuc

Biodiversity Collections and Department of Integrative Biology
The University of Texas at Austin

Objectives of research program for the Spot-tailed Earless Lizard (Holbrookia lacerata)

The goal of this multi-year research program, first initiated in July 2014, was to develop
science to inform the U.S. Fish and Wildlife Service’s listing determination for Holbrookia
lacerata whether the species warrants protection under the Endangered Species Act with a
formal designation as a threatened or endangered species. Thus, the objective of the studies
presented in this document is to improve our understanding of (1) biology of the species, (2)
current condition, and (3) future condition. The results of these studies are organized in a manner
so that they may be incorporated into a Species Status Assessment for Holbrookia lacerata. As
these data were developed as part of an open, transparent process involving stakeholders, this
final report details the results of the varied research program studies that were proposed over the
course of the initial RFP (July 2014) and two iterative contract amendments (April 2015;
February 2016), each expanding on the previous proposed work with the timeline to a listing
decision by USFWS being continually pushed back to its current date in 2020 (USFWS 2016). A
second separate contract focused wholly on radio telemetry work was signed (May 2017) to
cover field work across 2017-2019, concluding prior to the current listing decision date.

Our results to date have begun to fill in gaps in our knowledge of this species (Figure 1.1).
Road surveys across 57 counties within the historical range revealed populations of this species
in 19 counties, including populations from both subspecies. Walking surveys were successful,
but with lower detection rates than road/driving surveys. When found, this species often
occupied early successional, disturbed habitats. Diet analyses of museum specimens indicate this
species is an opportunistic generalist, with grasshoppers comprising over 1/3 of their diet;
subsequent insect surveys in currently occupied STEL habitat demonstrate insect abundances
match lizard diets. Initial genetic work using two genes supported the recognition of two separate
species, elevating the subspecies to the species level: Holbrookia lacerata (north) and
Holbrookia subcaudalis (south). A subsequent larger and more comprehensive molecular
analysis supported these findings; morphological analyses found the same pattern with a division
between the two taxa. With our knowledge of current day distributions elucidated by survey
work, significant gaps remain in our understanding of habitat use, home range size, and behavior
in these taxa. Radio telemetry work initiated under a separate contract in July 2017 demonstrated
the effectiveness of small (0.2 g) transmitters for this small lizard (<6.0 g). An additional
telemetry technique (harmonic radar) has been added to the radio telemetry protocol and both are
being used at multiple field sites within the range of both taxa during both the 2018 and 2019
field seasons.

The research topics under this contract have grown and evolved during the 42 months of the
contract. Work contracted under the initial RFP included quantifying habitat availability within
the species’ native range, compiling vegetation datasets, mapping landscape alteration resulting
from oil and gas infrastructure development, and using this habitat assessment to direct on-the-

12



Spot-tailed Earless Lizard Final Report

ground surveys to discover new populations. Work was conducted primarily by two groups at
The University of Texas at Austin (Biodiversity Collections, College of Natural Sciences and the
Bureau of Economic Geology, Jackson School of Geosciences); fieldwork was subcontracted
with Mike Duran (The Nature Conservancy). The original December 2016 deadline for contract
completion was driven by the need to accommodate the USFWS timetable for a FY 2017 listing
decision for Holbrookia lacerata. The listing decision timetable was subsequently shown to be
pushed back, allowing our group to submit a contract amendment to perform additional research
tasks not originally considered because USFWS timetable. We proposed seven new tasks,
including a significant expansion in field (survey) work and a novel proposal for genetic work,
with both the field and genetic tasks subcontracted with the Institute for Renewable Natural
Resources at Texas A&M University. We also proposed projects using museum voucher
specimens to investigate both morphological differences between populations and elucidating the
diet of this lizard species by examining preserved specimen gut contents. Three new modeling
projects were also proposed: mapping effects of agriculture, roads and urbanization on habitat
fragmentation; a connectivity analysis (between northern and southern populations); forecasting
future ecological impacts caused by urbanization and energy development in the Eagle Ford
play. The contract amendment was approved in April 2015.

Work accelerated through 2015, buoyed in large part due to the survey success achieved by
our Texas A&M and Nature Conservancy collaborators. Over 170 Holbrookia lacerata were
seen during 274 surveys conducted in 2015, which was significant because of the paucity of
sightings during the last range wide survey in 2008-2010 (Duran and Axtell 2010). These
surveys not only documented the species’ persistence in south Texas (southern population;
individuals not having been seen for ~15 years) and the Permian Basin (northern population) but
specimens collected provided important tissue samples for genetic analyses. Three analysis units
were identified (N, SW, SE) by the end of 2015; the presence of these three separate units
influenced decisions made by the Spot-tailed Earless Lizard working group (convened by Dr.
Robert Gulley of the Texas Comptroller of Public Accounts and comprised of interested
stakeholders) and directions of our subsequent research in 2016 and 2017.

At the encouragement of both the USFWS and the Spot-tailed Earless Lizard working group,
our group collaboratively produced an influence diagram in 2015 (Chapter 9, Figure 9.5) to
better understand our hypotheses for what factors are important to the survival of Holbrookia
lacerata. We used the influence diagram to identify data gaps in the current understanding of H.
lacerata to inform the development of additional scientific studies to elucidate how each source
may affect the species, ultimately leading to a proposal for the final contract amendment in 2016.
Additionally, the USFWS timetable for listing decisions pushed back the decision date to FY
2020 (USFWS 2016). The tasks in this last amendment were focused on these data gaps in an
effort to provide data integral for the construction of a Population Viability Analysis (PVA), and
ultimately to provide data in support of a Species Status Assessment (SSA) for Holbrookia
lacerata that, for a period of time in 2015-2016, had been proposed to be collaboratively written
by our group and USFWS. Ultimately, this relationship was never formally codified but this idea
drove many of the tasks proposed in the final amendment and we anticipated products from this
work would provide decision makers and natural resource managers a sound framework to
proceed to a full PVA and population model. In this final contract amendment, we proposed
several steps towards gathering the data needed for a PVA including: updating the habitat model
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based on the presence of three analysis units; quantifying current and future landscape threats;
field surveys and population genetic approaches to provide density and abundance estimates;
insect surveys and mark-recapture studies to determine survival and fertility rates.

Field research under this contract concluded in July 2017 at the end of the field season.
Unfortunately, despite continuing to see lizards at survey sites, the mark-recapture surveys did
not provide adequate numbers of recaptures to facilitate reliable population size estimates.
Funding and support for the PVA was withdrawn in 2017, partially on the basis of inadequate
field data to integrate into the analyses. Connectivity analyses were also cancelled because of
collective decisions made internally and by the Working Group to focus model efforts towards
separate analyses for each of the three units. Further, genetic and morphological results
supporting the recognition of two separate species, rather than a single species, provided
additional reasons not to pursue connectivity analyses.

This final report provides the results and deliverables for tasks from the original contract and
the two successive amendments. Four chapters of this final report have been published as
peer-reviewed journal articles, one manuscript is currently in revisions, and at least three
additional manuscripts are in development (climate change, diet of Holbrookia lacerata, insect
survey data). Manuscripts published and in revisions are:

Wolaver, B.D., Pierre, J.P., Labay, B.L., LaDuc, T.J., Duran, C.M., Ryberg, W.A., Hibbitts, T.J.
(2018a) An approach for evaluating changes in land-use from energy sprawl and other

anthropogenic activities with implications for biotic resource management.
Environmental Earth Sciences, https://doi.org/10.1007/s12665-018-7323-8.

Pierre, J.P., Wolaver, B. D., Labay, B. J., LaDuc, T. J., Duran, C. M., Ryberg, W. A., Hibbitts, T.
J. and Andrews, J. R. (2018) Comparison of recent oil and gas, wind energy, and other
anthropogenic landscape alteration factors in Texas through 2014. Environmental
Management, https://doi.org/10.1007/s00267-018-1000-2. doi: ~ 10.1007/s00267-018-
1000-2.

Wolaver, B. D., J. P. Pierre, S. A. Ikonnikova, J. R. Andrews, G. McDaid, W. A. Ryberg, T. J.
Hibbitts, C. M. Duran, B. J. Labay, and T. J. LaDuc, 2018b, An improved approach for
forecasting ecological impacts from future drilling in unconventional shale oil and gas
plays: Environmental Management. http://dx.doi.org/10.1007/s00267-018-1042-5.

Roelke, C. E., J. A. Maldonado, B. W. Pope, T. J. Firneno Jr., T. J. LaDuc, T. J. Hibbitts, W. A.
Ryberg, N. D. Rains, and M. K. Fuyjita. 2018. Mitochondrial genetic variation within and
between Holbrookia lacerata lacerata and Holbrookia lacerata subcaudalis, the spot-
tailed earless lizards of Texas. Journal of Natural History 2018 [11 pp.].
https://doi.org/10.1080/00222933.2018.1436726.

Hibbitts, T. J., W. A. Ryberg, J. Harvey, G. Voelker, M. Lawing, C. S. Adams, D. B. Neuharth,
D. E. Dittmer, C. M. Duran, B. D. Wolaver, J. P. Pierre, B. J. Labay, T. J. LaDuc.
Phylogenetic relationships within Holbrookia lacerata (Cope 1880) (Squamata:
Phrynosomatidae). Submitted to Zootaxa, reviewed and returned for revisions.
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GIS data sets from analyses shown in Chapters 9, 10, and 11 (Wolaver et al., 2018a, Pierre et al.,
2018, and Wolaver et al., 2018b listed above) are available online at Texas Data Repository at:
https://dataverse.tdl.org/dataverse/stel. If you download and use these mapping products, please
cite the corresponding publication.

Additional datasets used as inputs that included confidential and/or proprietary data were
delivered separately to the office of the Texas Comptroller of Public Accounts, and included raw
data files for manuscripts currently in preparation (e.g. diet analyses).
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Figure 1.1. Distribution of Spot-tailed Earless Lizard (Holbrookia lacerata) based on survey
data collected 2015-2017.
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CHAPTER 2. SURVEY RESULTS FOR THE SPOT-TAILED EARLESS LIZARD
(HOLBROOKIA LACERATA) IN TEXAS (2015-2017)

Toby J. Hibbitts'* and Wade A. Ryberg®

!Biodiversity Research and Teaching Collection, Department of Wildlife and Fisheries Sciences,
Texas A&M University, College Station, TX 77843-2258
[Texas A&M Natural Resources Institute, College Station, TX 77843

Methods
Distribution Surveys

Historical records, aerial imagery and distribution models (created by University of Texas on this
project) were used to select sites for Spot-tailed Earless Lizard (STEL; Holbrookia lacerata)
distribution surveys beginning in 2015 and continuing through 2017. Surveys were conducted by
driving along roads at slow speeds (e.g., 15 mph). These road surveys were timed and in many
cases the same stretch of road was passed over several times. Some surveys were conducted on
foot when access to private land was available. These were also timed in the same way as driving
surveys. Both driving and walking surveys were conducted in each of the three survey units (e.g.,
North, Southwest, and Southeast). For 15 surveys in 2017, driving and walking survey methods
were combined to survey areas in the Southwest unit containing locations where driving was
temporarily prohibited.

Mark-recapture Data

In addition to improving our knowledge of the current distribution of STEL populations, our
surveys were used to conduct a mark-recapture study aimed at estimating survival and
recruitment of the species. To create encounter histories for the mark-recapture study, we used
two different methods to identify recaptured STEL. The traditional toe-clipping method was
employed whenever lizards were in hand. This method provides each individual STEL captured
with a unique and permanent mark by clipping toes according to an established numerical
marking scheme. Whenever lizards were seen but could not be captured, we took photographs of
them from multiple angles with a Canon Powershot SX60 HS. This camera was chosen because
its 65x optical zoom which gave us the ability to “capture” clear pictures of each STEL at long
distances. Each photo was sorted into a database by location and date and given an ID number to
compare between each individual within the given site. Photos were then compared side-by-side
to check for similarities in colors, patterns, and shapes of blotches on individuals.

Results
Distribution Surveys
Male, female, and juvenile STEL were frequently observed basking on dirt, caliche, and paved

roads during driving surveys in all three survey units (Fig. 2.1). Typical habitats where STEL
was observed included relatively undisturbed, but grazed, grasslands with little woody
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encroachment (Fig. 2.2) and heavily disturbed agricultural fields (i.e., plowed fields; Fig. 2.3).
Male, female, and juvenile STEL were also observed, albeit less frequently, during walking
surveys targeting similar grassland and agricultural habitats in all three survey units. Detailed
results for each survey method across all three years are described below.
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Figure 2.2. Relatively undisturbed, but grazed, grassland habitat where STEL individuals were
detected on a road in Schleicher County, Texas.
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Figure 23. Heavily disturbed agricultural fields where STEL individuals were
detected on roads in Nueces (top) and Glasscock (bottom) Counties, Texas.
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2015 Surveys

Between April 22 and September 24, 2015, we conducted 295 surveys in 57 Texas counties (Fig
2.4, Table 2.1). We observed STEL on 46 surveys in 18 counties. A total of 172 STEL were
observed. Overall we surveyed for 623.1 hours and found 0.284 lizards per hour on average. We
also found that driving surveys (0.305 per hour) were more efficient than walking surveys (0.122
per hour) on average. Although we did surveys over six months, the majority of successful
surveys were in April through June (37 successful out of 138 surveys) with far fewer successful
surveys in the hotter drier parts of the summer (9 successful out of 136 surveys). We surveyed
almost equally in the distribution of the northern subspecies (148 surveys) as the southern
subspecies (147 surveys) and had slightly more successful surveys in the range of the northern
subspecies (26 successful surveys compared to 20). Although survey number was almost equal
between the north and the south, the amount of time spent surveying was higher in the south
(375.9 hours) than it was in the north (247.2 hours). This is likely a result of the number of
lizards captured per hour being much higher in the north (0.35 per hour) than in the south (0.23
per hour).

2016 Surveys

Between April 6 and September 28, 2016, we conducted 170 surveys across 27 Texas counties
(Fig. 2.5, Table 2.2). A total of 170 STEL were observed on 53 surveys in 7 counties. Overall,
we surveyed for 383.7 hours and found 0.24 lizards per hour on average. As we discovered in
2015, driving surveys (0.30 STEL per hour) were more efficient than walking surveys (0.04
STEL per hour) on average. Additionally, although we did surveys over six months, the majority
of successful surveys were in April through June (40 successful out of 118 surveys, 34%) with
far fewer successful surveys in the hotter, drier parts of the summer (12 successful out of 53
surveys, 23%). We conducted fewer surveys and spent less time surveying within the distribution
of the northern subspecies (75 surveys, 155.7 hours) than the southern subspecies (95 surveys,
228.0 hours), but we had slightly more successful surveys in the range of the northern subspecies
(30 successful surveys compared to 23, or 40% compared to 24%). Indeed, the number of lizards
captured per hour was much higher in the north (0.67 STEL per hour) than in the south (0.28
STEL per hour). These patterns are similar to those observed in 2015.

2017 Surveys

We conducted 116 surveys for STEL between February 21 and August 18, 2017 (Fig. 2.6, Table
2.3). Overall, we surveyed for 246.3 hours and observed 67 STEL yielding an observation rate of
0.48 lizards per hour on average. Driving surveys (0.49 STEL per hour) were again more
efficient than walking (0.04 STEL per hour) or combination (0.11 STEL per hour) surveys on
average. Unlike previous years, the majority of successful surveys were not in April through
June (19 successful out of 67 surveys, 28%), but instead in the hotter, drier months (17
successful out of 49 surveys, 35%). This is most likely due to the early survey start in February
this year. Like 2016, we conducted fewer surveys and spent less time surveying within the
distribution of the northern subspecies (39 surveys, 66.8 hours) than the southern subspecies (77
surveys, 179.5 hours); however unlike 2016, we had equal survey success in the range of both
subspecies (12 of 39 northern and 24 of 77 southern, or 31%). That said, the number of lizards

23



Spot-tailed Earless Lizard Final Report

captured per hour was much higher in the north (0.45 STEL per hour) than in the south (0.21
STEL per hour).
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Table 2.1. Spot-tailed Earless Lizard 2015 survey effort and success by county. Survey number, time, lizards observed,
and observation rate are listed by survey type (drive vs. walk).

Observation Rate

S Surveys Time (hours) Lizards Observed (#/hour)

Drive Walk Total Drive Walk Total Drive Walk Total Drive Walk Total
Atascosa 1 1 2.0 2.0 0.000 0.000
Bee 6 6 9.6 9.6 0.000 0.000
Bexar 2 2 2.4 2.4 0.000 0.000
Blanco 1 1 34 34 0.000 0.000
Coke 15 15 15.1 15.1 1 1 0.066 0.066
Comal 1 1 1.2 1.2 0.000 0.000
Concho 9 9 11.9 11.9 29 29 2.446 2.446
Crockett 6 6 9.3 9.3 5 5 0.538 0.538
Dimmit 11 11 15.1 15.1 0.000 0.000
Duval 14 14 27.7 27.7 0.000 0.000
Ector 1 1 0.8 0.8 0.000 0.000
Edwards 5 5 8.9 8.9 1 1 0.112 0.112
Frio 2 2 8.7 8.7 0.000 0.000
Gillespie 2 2 7.9 7.9 0.000 0.000
Glasscock 4 4 4.7 4.7 4 4 0.854 0.854
Goliad 1 1 1.9 1.9 0.000 0.000
Hays 1 1 2.1 2.1 0.000 0.000
Howard 7 7 10.2 10.2 0.000 0.000
Irion 5 5 10.8 10.8 1 1 0.093 0.093
Jim Hogg 1 1 2.8 2.8 0.000 0.000
Jim Wells 8 8 14.1 14.1 8 8 0.566 0.566
Karnes 2 2 3.1 3.1 0.000 0.000
Kendall 2 2 2.5 2.5 0.000 0.000
Kerr 4 4 54 54 0.000 0.000
Kimble 4 3 7 7.7 14.4 22.1 0.000 0.000 0.000
Kinney 7 2 9 20.5 24.6 45.1 42 1 43 2.047 0.041 0.953
Kleberg 5 5 9.7 9.7 0.000 0.000
La Salle 10 10 19.1 19.1 0.000 0.000
Live Oak 4 4 10.0 10.0 0.000 0.000
Martin 1 1 1.8 1.8 0.000 0.000
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Observation Rate

S Surveys Time (hours) Lizards Observed (#/hour)
Drive Walk Total Drive Walk Total Drive Walk Total Drive Walk Total
Maverick 3 1 4 1.8 9.4 11.2 4 4 0.000 0.426 0.357
McCulloch 7 7 21.4 21.4 1 1 0.047 0.047
McMullen 4 4 11.4 11.4 0.000 0.000
Medina 6 6 11.1 11.1 0.000 0.000
Menard 14 14 20.5 20.5 0.000 0.000
Midland 4 4 4.4 4.4 0.000 0.000
Mitchell 15 15 22.3 22.3 0.000 0.000
Nueces 10 10 21.2 21.2 19 19 0.897 0.283
Reagan 4 4 4.6 4.6 4 4 0.876 0.876
Real 2 2 1.8 1.8 1 1 0.561 0.561
Refugio 3 3 7.9 7.9 0.000 0.000
Runnels 2 2 4.0 4.0 8 8 1.996 1.996
San Patricio 9 9 23.0 23.0 0.000 0.000
San Saba 2 2 7.1 7.1 0.000 0.000
Schleicher 1 1 1.5 1.5 5 5 3.279 3.279
Starr 3 3 4.9 4.9 0.000 0.000
Sterling 5 5 4.8 4.8 4 4 0.836 0.836
Sutton 10 10 14.0 14.0 0.000 0.000
Tom Green 6 6 10.6 10.6 23 23 2.173 2.173
Travis 1 1 0.7 0.7 0.000 0.000
Upton 3 1 4 5.0 1.0 6.0 0.000 0.000 0.000
Uvalde 4 4 2.5 2.5 0.000 0.000
Val Verde 1 7 8 0.0 70.3 70.3 1 10 11 0.000 0.142 0.157
Ward 1 1 3.0 3.0 0.000 0.000
Webb 9 9 26.7 26.7 0.000 0.000
Zapata 1 1 2.6 2.6 0.000 0.000
Zavala 9 9 14.4 14.4 0.000 0.000
_ Avg Avg Avg
Total =57 281 14 295 5034 119.7 623.1 157 15 172 0.305 0.122 0.284
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Table 2.2. Spot-tailed Earless Lizard 2016 survey effort and success by county. Survey number, time, lizards observed, and observation rate are
listed by survey type (drive vs. walk).

Observation Rate

County Surveys Time (hours) Lizards Observed (#/hour)

Drive Walk Total Drive Walk Total Drive Walk Total Drive Walk Total
Bee 1 1 1.3 1.3 0.00 0.00
Blanco 7 1 8 6.8 3.8 10.6 0.00 0.00 0.00
Coke 1 1 1.1 1.1 0.00 0.00
Crockett 2 25 27 4.1 72.1 76.2 3 2 5 0.74 0.03 0.07
Dimmit 1 1 11.6 11.6 0.00 0.00
Duval 1 1 2.0 2.0 0.00 0.00
Edwards 1 1 1.2 1.2 1 1 0.86 0.86
Jim Hogg 1 1 1.9 1.9 0.00 0.00
Jim Wells 22 1 23 32.9 2.4 353 37 37 1.12 0.00 1.05
Karnes 2 2 3.0 3.0 0.00 0.00
Kimble 1 1 0.6 0.6 0.00 0.00
Kinney 12 12 25.8 25.8 0.00 0.00
Kleberg 2 3 5 2.0 14.5 16.4 0.00 0.00 0.00
Live Oak 1 1 33 33 0.00 0.00
Maverick 2 2 0.0 16.6 16.6 0.00 0.00
McCulloch 1 1 0.6 0.6 0.00 0.00
McMullen 2 2 8.7 8.7 0.00 0.00
Menard 3 3 2.3 2.3 0.00 0.00
Nueces 5 1 6 3.0 39 6.8 0.00 0.00 0.00
San Patricio 1 1 1.8 1.8 0.00 0.00
Schleicher 12 12 26.5 26.5 42 42 1.58 1.58
Sutton 1 1 1.8 1.8 2 2 1.13 1.13
Tom Green 22 22 31.7 31.7 55 55 1.73 1.73
Val Verde 12 19 31 17.6 69.2 86.8 12 16 28 0.80 0.23 0.32
Ward 1 1 33 33 0.00 0.00
Webb 2 2 5.1 5.1 0.00 0.00
Zapata 1 1 1.5 1.5 0.00 0.00
Total=27 118 52 170 201.3 1824 3837 152 18 170 Ave Avg Ave

0.30 0.04 0.24
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Table 2.3. Spot-tailed Earless Lizard 2017 survey effort and success by county. Survey number, time, lizards observed, and observation rate are
listed by survey type (drive vs. walk vs. comb = combined).

Surveys Time (hours) Lizards Observed Observation Rate (#/hour)
County Drive Walk Comb Total Drive Walk Comb Total Drive Walk Comb Total Drive Walk Comb Total
Crockett 1 13 14 2.4 24.8 27.2 0.00 0.00 0.00
Jim Wells 7 7 10.8 10.8 1 1 0.09 0.09
Kinney 3 3 2.5 2.5 0.00 0.00
Kleberg 5 5 10.3 10.3 0.00 0.00
Nueces 4 2.5 2.5 2 2 0.80 0.80
Schleicher 8 1 9 1.8 12.2 14.0 3 3 1.67 0.00 1.67
Tom Green 16 16 25.6 25.6 27 27 1.05 1.05
Val Verde 36 7 15 58 90.5 17.6 453 153.4 26 3 5 34 0.29 0.17 0.11 0.22
Total=8 75 26 15 116 1361 649 453 2463 59 3 5 67 Ave Ave  Avg  Avg

0.49 0.04 0.11 0.48
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Table 2.4. Spot-tailed Earless Lizard 2015-17 survey effort and success by county. Survey number, time, lizards observed, and observation rate are
listed by survey type (drive vs. walk vs. comb = combined).

Surveys Time (hours) Lizards Observed Observation Rate (#/hour)
oty Drive Walk Comb Total Drive Walk Comb Total Drive Walk Comb Total Drive Walk Comb Total
Atascosa 1 1 2 2 0.00 0.00
Bee 7 7 10.9 10.9 0.00 0.00
Bexar 2 2 2.4 24 0.00 0.00
Blanco 8 1 9 10.2 3.8 14 0.00 0.00 0.00
Coke 16 16 16.2 16.2 1 1 0.06 0.06
Comal 1 1 1.2 1.2 0.00 0.00
Concho 9 9 11.9 11.9 29 29 2.44 2.44
Crockett 9 38 47 15.8 96.9 112.7 8 2 10 0.51 0.02 0.09
Dimmit 12 12 26.7 26.7 0.00 0.00
Duval 16 16 31.6 31.6 0.00 0.00
Ector 1 1 0.8 0.8 0.00 0.00
Edwards 6 6 10.1 10.1 2 2 0.20 0.20
Frio 2 2 8.7 8.7 0.00 0.00
Gillespie 2 2 7.9 7.9 0.00 0.00
Glasscock 4 4 4.7 4.7 4 4 0.85 0.85
Goliad 1 1 1.9 1.9 0.00 0.00
Hays 1 1 2.1 2.1 0.00 0.00
Howard 7 7 10.2 10.2 0.00 0.00
Irion 5 5 10.8 10.8 1 1 0.09 0.09
Jim Hogg 2 2 4.7 4.7 0.00 0.00
Jim Wells 37 1 38 57.8 2.4 60.2 46 46 0.80 0.00 0.76
Karnes 4 4 6.1 6.1 0.00 0.00
Kendall 2 2 2.5 2.5 0.00 0.00
Kerr 4 4 5.4 54 0.00 0.00
Kimble 5 3 8 8.3 14.4 22.7 0.00 0.00 0.00
Kinney 22 2 24 48.8 24.6 73.4 42 1 43 0.86 0.04 0.59
Kleberg 7 8 15 11.7 24.8 36.4 0.00 0.00 0.00
La Salle 10 10 19.1 19.1 0.00 0.00
Live Oak 5 5 133 13.3 0.00 0.00
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Table 2.4. (continued)
Surveys Time (hours) Lizards Observed Observation Rate (#/hour)

County Drive Walk Comb  Total Drive Walk Comb Total Drive Walk Comb Total Drive  Walk Comb Total
Martin 1 1 1.8 1.8 0.00 0.00
Maverick 3 3 6 1.8 26 27.8 4 4 0.00 0.15 0.14
McCulloch 8 8 22 22 1 1 0.05 0.05
McMullen 6 6 20.1 20.1 0.00 0.00
Medina 6 6 11.1 11.1 0.00 0.00
Menard 17 17 22.8 22.8 0.00 0.00
Midland 4 4 4.4 4.4 0.00 0.00
Mitchell 15 15 223 223 0.00 0.00
Nueces 19 1 20 26.7 3.9 30.6 21 21 0.79 0.00 0.69
Reagan 4 4 4.6 4.6 4 4 0.87 0.87
Real 2 2 1.8 1.8 1 1 0.56 0.56
Refugio 3 3 7.9 7.9 0.00 0.00
Runnels 2 2 4 4 8 8 2.00 2.00
San Patricio 10 10 24.8 24.8 0.00 0.00
San Saba 2 2 7.1 7.1 0.00 0.00
Schleicher 21 1 22 29.8 12.2 42.0 50 50 1.68 0.00 1.19
Starr 3 3 4.9 4.9 0.00 0.00
Sterling 5 5 4.8 4.8 4 4 0.83 0.83
Sutton 11 11 15.8 15.8 2 2 0.13 0.13
Tom Green 44 44 67.9 67.9 105 105 1.55 1.55
Travis 1 1 0.7 0.7 0.00 0.00
Upton 3 1 4 5 1 6 0.00 0.00 0.00
Uvalde 4 4 2.5 2.5 0.00 0.00
Val Verde 49 33 15 97 108.1 157.1 453 310.5 39 29 5 73 0.36 0.18 0.11 0.24
Ward 2 2 6.3 6.3 0.00 0.00
Webb 11 11 31.8 31.8 0.00 0.00
Zapata 2 2 4.1 4.1 0.00 0.00
Zavala 9 9 14.4 14.4 0.00 0.00
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Table 2.4. (continued)

Avg Avg Avg Avg

Total =57 475 92 15 582 843.0 367.1 45.3 1255.2 368 36 5 409 0.26 0.04 0.11 0.23
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Figure 2.4. 2015 Spot-tailed Earless Lizard (Holbrookia lacerata) survey effort and result
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Figure 2.5. 2016 Spot-tailed Earless Lizard (Holbrookia lacerata) survey effort and results.
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Figure 2.6. 2017 Spot-tailed Earless Lizard (Holbrookia lacerata) survey effort and results.
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Figure 2.7. Spatial distribution of Spot-tailed Earless Lizard 2015-17 survey effort (in hours)
and success by county.
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Figure 2.8. Positive and negative Spot-tailed Earless Lizard 2015-17 surveys by county.
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All Surveys (2015-17)

We conducted 582 surveys for STEL across 57 Texas counties between April 22, 2015 and
August 18, 2017 (Table 2.4; Fig. 2.7). A total of 409 STEL were observed on 135 surveys in 19
counties (Fig. 2.8). Overall, we surveyed for 1,255.2 hours and found 0.23 lizards per hour on
average. Driving surveys (0.26 STEL per hour) were more efficient than walking (0.04 STEL per
hour) and combination (0.11 STEL per hour) surveys on average. We conducted fewer surveys
and spent less time surveying within the distribution of the northern subspecies (262 surveys,
469.7 hours) than the southern subspecies (319 surveys, 783.4 hours), but we had slightly more
successful surveys in the range of the northern subspecies (68 successful surveys compared to
67, or 26% compared to 21%, respectively). Indeed, the number of lizards captured per hour was
much higher in the north (0.47 STEL per hour) than in the south (0.24 STEL per hour).

Across all years, the earliest STEL detected was on 6 April and the latest detected was on 23
September (Fig. 2.9). The earliest gravid female detected was also on 6 April and the latest
detected was on 20 July. Juveniles were detected as early as 14 June and as late as 23 September.

All Populations 65 14 20 23

North 66 24 5 23

Southwest 27 14 1420

V — V=Tl
mmmmmmmmmmmm

Southeast 9 g 1820

L Jan ) Feb ) Mar ) Apr > May > Jun > Jul > Aug_>Sep > Oct > Nov > Dec 4

Figure 2.9. Summary of earliest and latest detections for all STEL (green), gravid females
(pink), and juveniles (blue) across all populations and each survey unit.
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Table 2.5. Spot-tailed Earless Lizard recaptures by survey unit, county, survey site, year, and survey type (drive vs. walk vs. comb =

combined).
Survey Unit 2016 Surveys 2017 Surveys All Surveys
rggzrfed(;) County Survey Site Drive Walk Comb Total Drive Walk Comb Total Drive Walk Comb Total
Crockett Barnhart 1
Crockett Barnhart 2
North Crockett Barnhart 3
(47 marked)  Schleicher CR 408
Tom Green Crooks Rd 1 1 1 1
Tom Green Debus Rd 1 1 1 1
Total 1 0 0 1 1 0 0 1 2 0 0 2
Southwest Klnne'y Standar'd Ln
(35 marked) Maverick Maverickl
°“" valVerde  Laughlin AFB 1 1 1 1
Total 0 0 0 0 1 0 0 1 1 0 0 1
Jim Wells CR 331 1 1 1 1

Jim Wells Orange Grove
Kleberg Kingsville NAS

(ioligiazt) Nueces CR 103
¢ Nueces CR 36
Nueces CR 18
Nueces CR 10,75,6
Total 1 0 0 1 0 0 0 0 1 0 0 1
Grand Total 2 0 0 2 2 0 0 2 4 0 0 4
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Mark-recapture Data

We toe-clipped 88 total individual STEL across each survey unit: 47 in the North, 35 in the
Southwest, and 6 in the Southeast. We recaptured a total of 4 of these individuals over the entire
study (Table 2.5). Two of these recaptures occurred in 2016. One occurred in the North survey
unit on Crooks Road in Tom Green County, and the other in the Southeast survey unit on County
Road 331 in Jim Wells County. Two of these recaptures also occurred in 2017. One occurred
again in the North survey unit but on Debus Road in Tom Green County, and the other occurred
in the Southwest survey unit on Laughlin Air Force Base in Val Verde County. Thus, at least one
recapture occurred in each of the survey units. In addition, all recaptures occurred on driving
surveys.

We also analyzed 355 photos taken of STEL during surveys to quantify “recaptures” from the
unique blotching patterns on each individual lizard. A total of 91 unique STEL individuals were
identified from the photos taken, but none of those individuals were “recaptured” using the
photographic method. Several photos were taken of each individual STEL whenever possible in
order to capture the blotching pattern of lizards from several angles. Thus, the large discrepancy
between number of photos and number of unique individuals stems from the large number of
photos taken per individual lizard.

Discussion
Populations

The STEL was detected in all population survey units each year of surveys. In addition, gravid
females or juveniles were observed in all population survey units each year of surveys.
Recapture rates were very low across all population survey units each year regardless of survey
method used, but new unmarked individuals were frequently encountered in areas where
repeated surveys occurred. Although no encounter histories can be made from these mark-
recapture data to estimate population parameters, we can still draw preliminary conclusions
about STEL populations. We believe that STEL populations are robust in those areas repeatedly
surveyed with many new individual observations over time and no recaptures. Across this
species’ broad range, these distribution survey data indicate that the populations in our survey
units are large, but potentially separated by extensive regions of unoccupied habitat, especially in
the southern subspecies (Figs. 4 and 5). The factors determining occupancy of habitat in this
species are unknown, but may be related to the successional status of the habitat (see below).

Habitat

The STEL appears to be an early successional species that thrives on disturbance (Fig. 3). The
species seems to prefer areas of bare ground created by disturbance within their habitat matrix.
Such disturbances could occur naturally from wildlife grazing and fire, but currently it appears as
though these disturbances are frequently created through farming, mowing, and ranching
activities. Different sources of these disturbances occur in each of the population survey units, so
habitat focused conservation and management efforts for this species should reflect these
regional differences.
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CHAPTER 3. SURVEYS FOR THE SPOT-TAILED EARLESS LIZARD (HOLBROOKIA
LACERATA)

Final Report for UT Subaward UTA14-000790
Mike Duran, Vertebrate Zoologist
The Nature Conservancy

Introduction

In 2008-2010 Duran and Axtell (2010) visited 220 historical localities of the Spot-tailed
Earless Lizard (STEL; Holbrookia lacerata) and recorded data that described the current
ecological conditions of the sites. We performed brief surveys at each site, but because we had to
visit several sites per day on most days, many sites were visited during conditions unsuitable for
observing the STEL. To determine where populations of the STEL were extant, we mostly
solicited public participation, and coordinated the efforts of volunteers and cooperators. We
determined that the northern STEL (H. I. lacerata) was present in 11 Edwards Plateau counties
but found no evidence that the southern STEL (H. I subcaudalis) was extant below the Balcones
Escarpment. Later, Duran (2013) discovered a healthy population of the southern STEL in Val
Verde County. For the current project, we proposed, at a minimum, to survey in eight areas in
southern Texas, in Ward County near the site of an unusual and disjunct record, and in Val
Verde and/or Kinney counties where the subspecies may intergrade. In combination with another
project, we were able to conduct many more surveys than those to which we had committed. All
of those results are reported herein.

Methodology

Sites were selected near historical localities mostly based on soils, slope, land use (Duran and
Axtell 2010), and on the predictive models of Ben Labay and Jon Paul Pierre. Preferred soils are
mostly loam, clayey loam, loamy clay, and clay. Preferred slope is less than 3% or less than a
10 ft rise or drop over 1 km.

Duran and Axtell (2010) observed that roadsides near historical localities in southern Texas
are overrun by non-native grasses, mostly Kleberg bluestem (Dicanthium annulatum) and
buftelgrass (Pennisetum ciliare). Those observations prompted the hypothesis that the STEL
might still be present near those localities but might only be observed away from roads, where
non-native grasses did not create such a dense ground cover. Therefore, for this project we
proposed to survey for STELs by walking transects in suitable habitat away from roads for at
least 6 man-hours.

We thought we might have success with that methodology because of the success we had
with visual encounter surveys (VES) during 2012-2014 at Laughlin Air Force Base (LAFB) in
Val Verde County and at several sites on the Edwards Plateau. The 2012-2014 observations were
generally on properties that had 30-80% bare ground exposed due to drought and livestock
grazing.
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Two phenomena caused that methodology to be less effective than we had hoped:

Precipitation—rainfall during late winter and early spring 2015 was far above average. No
surveys could be performed while it was raining, but more importantly, abundant rain promoted
plant growth which created dense groundcover and shrub layer vegetation that lowered the
likelihood of observing STELs during walking surveys. For example, rainfall in Cotulla, Texas,
near the center of the range of the southern STEL, for the five months, February-May, 2015, was
12.2 inches, while the average for the previous two years was 3.7 inches per year.

Access—gaining access to private land was more difficult than we anticipated. We believe
landowners’ reluctance to grant permission for surveys is largely engendered by the negative
media attention that followed the publication of a 90-day finding by USFW that listing the STEL
as federally threatened or endangered may be warranted. Several landowners who granted
permission for surveys in 2009 (Duran and Axtell 2010) denied access in 2015. We were able to
gain access to enough properties to fulfill our commitment to survey eight properties near
historical localities in southern Texas, but in some cases we had to settle for sites where habitat
was not ideal for the target species. In Ward County, the University of Texas (UT Lands) owns
all of the land near historical localities and leases that land for oil exploration and production—
despite numerous attempts, we were denied access to UT lands; that left road and roadside
surveys as the only option in Ward County. We have not found a landowner that will allow
surveys in the hypothetical area of intergradation of the subspecies (H. I lacerata and H. L.
subcaudalis) in east-central Val Verde and/or west-central Kinney counties. We gained access to
three more sites in 2016—we were able to survey one time each in Dimmit, Jim Hogg, and
McMullen counties.

In addition to the surveys, we sent letters to the owners of all parcels surrounding historical
localities and to owners of other ownership parcels that appeared to include STEL habitat (for
the majority of counties that have digital data available). The responses to the letters were less
than expected. In response to the letters, we gained access from three owners and received
photos from two letter recipients.

Results

During spring 2015 TNC staff and volunteers surveyed at 18 sites and road-routes in
14 counties. We observed the spot-tailed earless lizard (STEL) at six sites in six counties (Table
3.1).

In 2016, we surveyed 19 sites/road-routes in 18 counties, which included revisits to
10 sites/road- routes (Table 3.2). We observed the STEL at two sites/road routes (Nueces and
Jim Wells counties) where they had been observed in 2015, but observed fewer lizards at both
sites. We made a possible but unverifiable observation in Dimmit County near Catarina. Out of
the nine sites that were new for 2016, only in Glasscock County were three lizards observed
along a road-route, but we did not observe STEL at any of the other eight sites that were new for
2016, save a possible but unverifiable observation in central Mitchell County.

It was not a priority in 2016 to revisit sites that 2015 surveys revealed to have apparent
healthy STEL populations, so we did not revisit sites in Val Verde, Maverick, and Kinney
counties. In 2016, we were able to gain access to three new sites in South Texas, in Jim Hogg,
Dimmit, and McMullen counties.

The 2016 survey in Jim Hogg County was at the exact site of a 1991 STEL historical record.
We did not observe the STEL at that site. Buffelgrass had been planted some years before and
now forms a dense groundcover at the site of the historical locality and all of the surrounding
land.
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The site in Dimmit County was a mile or so to the east and on sandier soils than the
historical record, and probably was not a site we would have chosen to survey if there had been
other options. The dirt roads where the lizard had been collected in Dimmit County in the 1950s
had been converted to caliche and gravel by the time we cruised them in 2009 and have now
been paved. Oil field traffic is extremely heavy on these roads, probably greater than one vehicle
per minute during peak hours. Due to the new road surface and to the intense vehicular traffic,
the likelihood of observing the lizard on the road is now probably near zero.

The site in McMullen County, the Roberts-Miller Ranch, was the only property where we
were granted permission to survey in that county. While it was within a few miles of historical
localities, habitat at that site appeared to be only marginally suitable for the species—the
proximity of rivers and streams appears to be an important component of STEL habitat, but the
Roberts-Miller property lies on a very flat alluvial terrace between tributaries of the Frio River
and there is no moving water on the ranch.

Reports for all sites are illustrated in Figures 3.1-3.34.

Significant Findings 2015-2016

The 2015 findings in Val Verde County (20+) include 16 observations that were made in
2013 that have not been reported except in a note on the relationship between the STEL and
ground squirrels at LAFB (Duran 2014). All observations in Val Verde County were on LAFB.
Prior to 2013, the STEL had not been reported south of the Balcones Escarpment for 17 years. In
2013, the 16 lizards were observed during a moderately severe drought; in 2015, during a period
of much higher rainfall and denser groundcover, our cooperators observed fewer lizards.

In Kinney County at least 20 lizards were observed by various observers on roads in the
central part of the county in 2015. In 2016, despite numerous surveys, no lizards were observed.
TNC staff and volunteers observed four STEL on the LAFB Auxiliary Airfield at Spofford
(LAFBAAS) in southern Kinney County. Other than a 1991 observation at LAFBAAS, the
STEL had not been reported from Kinney County in 50 years.

In 2015, TNC staff observed four STELs on flooded private property and one on a public
road in south-central Nueces County. Subsequently, our collaborators observed eight on roads in
the southeastern part of the county, which included the dirt road near where the type specimen
for H. I. subcaudalis had been collected. Prior to 2015, the lizard had not been reported from
Nueces County in 32 years and had been presumed to be extirpated (Axtell 1998; Duran and
Axtell 2010).

Far fewer lizards were observed per man-hour in 2016.

The 2015 observations in Jim Wells County were also on roads surrounded by plowed and
flooded fields. TNC staff conducted a walking survey at La Copita Ranch, about 7 miles south of
Alice without success. After the La Copita survey we cruised Jim Wells County roads. We
observed four STELSs on a county road east of Alice. The lizard had not been reported from Jim
Wells County in 31 years. We visited that site several more times in 2015 and in 2016 and
observed lizards each time.

In 2015 our collaborators observed four lizards in Maverick County. Those observations
were the first in that county in 47 years.
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Table 3.1. Sites surveyed and STEL found during Spring 2015.

Sites Surveyed Date(s) Surveyed Type of | # STEL | Man
Survey Observed* | Hours
Laughlin AFB (Val Verde County; Figure 2, 3) March, April, May 2013 Road, VES 18 24
Falcon State Park and Starr County Roads (Figure 4) 3/3/2015 Road, VES |0 8
Star Cactus Ranch (Starr Co.; Figure 5) 3/18/2015 Road, VES |0 9
TNC Las Estrellas Preserve (Starr Co.; Figure 6) 3/19/2015 VES 0 8
Jim Wells County Roads (Figure 7, 8) 24 March, 03 April 2015 Road 5 10
La Copita Ranch (Jim Wells Co.; Figure 9) 3/24/2015 Road, VES | 0 8
Hixon Ranch (LaSalle County; Figure 10) 3/25/2015 VES 0 9
Chaparral WMA (LaSalle Co.; Figure 11) 2,19 April 2015 Road, VES | 0 12
Ward County Roads (Figure 12) 4/16/2015 Road 0 10
Devil’s Sinkhole SNR (Edwards Co.; Figure 13, 14) 5/1/2015 VES 4 30
S. Llano River State Park (Kimble Co.; Figure 15, 16) 15,25 April 2015 VES 1* 18
Laughlin AFB at Spofford (Kinney Co.; Figure 17, 18) 6/3/2015 Road, VES |2 9
Head of the River Ranch (Tom Green Co.; Figure 19) 29-30 April Road, VES |2 12
Wright Ranch (Nueces County; Figure 20, 21) 04—05 June 2015 Road, VES | 5 9
Nueces County Roads (Figure 22) 6/24/2015 Road
San Patricio County Roads (Figure 23) 10/28/2015 Road 0 6
Atascosa/Live Oak County Roads (Figure 24) 10/16/2015 Road 0 6
McMullen County Roads (Figure 25) 10/18/2015 Road 0 6

* Photo from Laura J elemensky at S. Llano River State Park taken on 06 May 2014 (Figure 3.16).
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Table 3.2. Surveys for STEL conducted in 2016*

Sites Surveyed Date(s) Surveyed | Type of survey f)[s)rslg:;e a* ?—I/I:llllrs
Star Cactus Ranch (Starr Co.; Figure 5) 3/15/16 VES, Road 0 6
TNC Las Estrellas Preserve (Starr Co.; Figure 6) 3/16/16, 3/23/2016 | VES, Road 0 12
Hixon Ranch (La Salle Co.; Figure 10) 04/27/16 VES, Road 0 6
La Copita Ranch (Jim Wells Co.; Figure 9) 5/5/16 VES, Road 0 6
Jim Wells County Roads (Jim Wells Co.; Figures 7, 8) 5/5/16, 6/22/16 Road 3 6
Ward County Roads (Ward Co.; Figure 12) 6/11/16 Road 0 6
Nueces County Roads (Figure 22) 6/22/16 Road 1 4
Wright Ranch (Nueces Co. Figures 20, 21) 6/23/16 VES, Road 1 3
Devil’s Sinkhole SNA (Edwards Co.; Figures 13, 14) 6/28-29/16 VES, Road 1 12
McMullen County Roads (McMullen Co. Figure 25) 3/23/16 Road 0 3
NEW sites added in 2016
Roberts/Miller Ranch (McMullen Co.) (Figure 26) 04/06, 06/26/16 VES, Road 0 12
Las Estrellas Ranch and Jim Hogg/Starr Co Roads (Figure 27) | 3/14/16 VES, Road 0 6
La Salle County Roads (La Salle Co.; Figure 28) 04/26-27/16 Road 0 6
Dimmit/ Webb Co. Roads/Catarina (Figure 29) 4/28/16, 5/12/16 Roads 1? 8
Maverick/Webb Co Roads (Eagle Pass to Laredo Rd; Figure 4/29/16 Roads 0 10
30)
Shape Ranch and W. Dimmit Co Roads (Dimmit Co.; Figure 05/10/16 VES, Road 0 12
31)
Howard and Mitchell County Roads (Figure 32) 6/8-9/16 Road 1? 14
Corners of Upton/Glasscock/Reagan/Midland Cos (Figure 33) | 6/9-10/16 Road 3 8
S. Central Live Oak County Roads (Figure 34) 06/23/16 Road 0 18
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Discussion

Axtell (1958, 1998) observed boom and bust cycles in STEL populations. The year 2015 was
apparently a boom year across most of the range. We believe that the boom can be largely
explained by the extraordinary rainfall that resulted in dense ground-layer vegetation. Ironically,
the same factors that contributed to the boom also made it nearly impossible to observe lizards
away from roads.

Standing water in fields and pastures in rural areas of Nueces and Jim Wells counties may
have contributed to the abundance of 2015 observations. The flooded fields may have forced
lizards onto roads in search of the component(s) of their ecological requirements that they obtain
by periodically occupying bare ground. In 2016, fields in survey areas were not flooded, and
fewer or no observations were made at those previously flooded sites.

The 2015 rediscoveries in Nueces and Jim Wells were particularly significant because most
of them occurred on roads surrounded by row crops. Duran and Axtell (2010) hypothesized that
row- cropping was a major threat to the STEL based on the absence of records from farmland
after 1971. The results of surveys under this grant and another grant appear to indicate that row-
cropping is not the threat as we had presumed. We still believe further analysis may provide
evidence that the STEL may be threatened by certain agricultural practices, such as the
application of pesticides, and that historical populations may have been greatly reduced,
fragmented, and locally extirpated by conversion of grasslands to row crops. Of the other
presumed threats, there are considerable data indicating that urbanization is a severe threat, but
evidence is lacking for most other presumed threats.

There are several examples that seem to support the hypothesis that STEL populations, like
many other animal populations, experience boom/bust population densities. In Kinney County,
the site of 20+ observations in 2015 produced no observations in 2016 as far as I know. Far
fewer STEL were observed per man-hour in Nueces, and Jim Wells counties and on the Edwards
Plateau, in Tom Green, Edwards, and other Edwards Plateau counties in 2016 than in 2015. The
increase in observations in the past few years indicates that the lizard is not common, but
somewhat more common than most experts had presumed. In general, we have seen that
increased observations are roughly correlated with increased observation hours and that the lack
of observations over the last 50 or so years is partly due to lack of looking.

It was not an objective of the project under the subcontract to The Nature Conservancy to
analyze or characterized STEL habitat, but we have done so in previous projects and there are a
few attributes that most experts can agree on: STEL habitat is flat with loamy soil, and it’s fairly
open with some bare ground. We don’t know enough about STEL ecology to say with any
degree of certainty what natural history or life cycle function each of these habitat components
play. The fact that the STEL seeks bare ground if available appears to mimic some
characteristics of an early successional species, but I don’t think it is terribly accurate or helpful
to label it as such. “Early successional species” implies or connotes that the STEL can migrate
some distance to find an early successional landscape. No one can say for sure, but based on the
home range sizes of similar species, the STEL probably has a home range size smaller than a
circle with a diameter of 50 meters. The STEL seeks out bare ground if available, but there are
undoubtedly periods of years when bare ground is mostly unavailable. The historical coastal
prairie in San Patricio and Nueces County provides an example of a landscape, where the species
has persisted for thousands of years, that might for years be covered in tall, lush grasslands with
little bare ground for hundreds of square miles. The species didn’t travel overland to find an
early successional landscape, it persisted.
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Figures

Figure 3.1. Known Recent Distribution of the Spot-tailed Earless Lizard — August 31, 2016.
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Figure 3.2. Spot-tailed Earless Lizard Survey Rt. at Laughlin AFB, Del Rio, Texas (2013).
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Figure 3.3. Spot-tailed Earless Lizard Survey route. at Laughlin AFB, Del Rio, Texas (2013).
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Figure 3.4. Falcon State Park and vicinity Spot-tailed Earless Lizard Survey Map — 03 March 2015.
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Figure 3.5. Star Cactus Ranch Spot-tailed Earless Lizard survey map, 18 March 2015 and 15 March 2016.
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Figure 3.6. TNC Las Estrellas Preserve STEL survey map, 19 March 2015 and 14 March 2016.
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Figure 3.7. Jim Wells County Road Surveys — 03 March, 03 April 2015; 05 May and 22 June 2016.
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Figure 3.8. A Spot-tailed Earless Lizard found in NW Jim Wells County — 24 March 2015.
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Figure 3.9. La Copita Ranch Survey Map — 24 March 2015 and 05 May 2016.
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Figure 3.10. Hixon Ranch Survey Map — 25 March 2015.
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Figure 3.11. Chaparral WMA Survey Map — 02 April and 01 May 2015.
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Figure 3.12. Ward County Road Survey Map — 16 April 2015 and 11 June 2016.
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Figure 3.13. Devil’s Sinkhole Survey Map—01 May 2015, 28-29 June 2016.
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Figure 3.14. A Spot-tailed Earless Lizard observed at Devil’s Sinkhole SNA — 01 May 2015.
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Figure 3.15. South Llano River State Park Survey Map — 15 and 25 April 2015.
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Figure 3.16. Spot-tailed Earless Lizard at South Llano River SP — 06 May 2014 (Laura Jelemensky).
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Figure 3.17. Laughlin AFB Auxiliary Airfield at Spofford STEL Survey Map 03 June 2015.
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Figure 3.18. A Spot-tailed Earless Lizard at Laughlin AFB Airfield, Spofford, 03 June 2015.
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Figure 3.19. Head of the River Ranch Spot-tailed Earless Lizard Survey Map — 29-30 April 2015.
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Figure 3.20. Wright Ranch, Nueces Co. Spot-tailed Earless Lizard survey map 4-5 June 2015 and 23 June 2016.
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Figure 3.21. Spot-tailed Earless Lizards found on Wright Ranch, Nueces Co. — 05 June 2015.
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Figure 3.22. Nueces County Road Spot-tailed Earless Lizard Survey Map — 09 April and 03 June 2015.
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Figure 3.23. San Patricio County Spot-tailed Earless Lizard Road Survey Map 28 October 2015.
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Figure 3.24. Atascosa, Bee, Karnes, Live Oak, Spot-tailed Earless Lizard Road Survey Map 16 October 2015.

@  STEL Mo Locasnes

w— ANaCond_Bee_LweOus arnes STEL rod_serveys

[

70



@  STEL Hvnncal Locatnes
—— Mo\ fen Coerty STEL Noad Survey Moue

71



Sites Added for 2016 Only

Figure 3.26. Roberts-Miller Ranch (Dimmit Co.) 28 April and 26 June 2016.
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Figure 3.27. Las Estrellas Ranch Area and Jim Hogg/Starr County Roads — 13, 14, 22 March 2016.
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Figure 3.28. La Salle County Roads. 26, 27 April 2015.
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Figure 3. 29 Dlmmlt and extreme NE Webb county roads, Catarlna 28 Apr11 and 12 May 2016.
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Figure 3.30. Maverlck/Webb Co Roads (Eagle Pass to Laredo Road)
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Figure 3.31. Shape Ranch and W. Dimmit Co. Roads 10 May 2016.
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Figure 3.32. Howard and Mitchell county roads 8, 9 June 2016.
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Figure 3.33. Corners of Midland/Upton/Reagan/Glasscock county roads 9, 10 June 2016.
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Figure 3.34. South-central Live Oak Co. roads 23 June 2016.
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CHAPTER 4. THE DIET OF THE SPOT-TAILED EARLESS LIZARD
(HOLBROOKIA LACERATA) AND FIELD AVAILABILITY OF INSECTS AS
PREY ITEMS

Ian M. Wright and Travis J. LaDuc

Diet can be an important indicator of population health and competition in lizards
(Suarez and Case 2002). The type and quality of prey a lizard eats can have a significant
impact on its growth rate and, potentially, on population-level reproduction and
persistence rates as well (Suarez and Case 2002). Consequently, the description of diet
breadth and preference can have important implications for management of species in
decline. Optimal prey selection depends in part on prey availability in the surrounding
habitat, with higher quality habitats typically holding more diverse and abundant prey
(Bolger et al. 2000, Flanders et al. 2006). Holbrookia lacerata (the Spot-tailed Earless
Lizard) is a species of conservation concern (TPWD 2012) and may be in decline
throughout its distribution in Texas. Little is currently known about the natural history of
this species, including significant data gaps in diet and feeding ecology (Hibbitts and
Hibbitts 2015).

Holbrookia lacerata was named as a priority species in the Texas Wildlife Action
Plan (TPWD 2012), and on May 24, 2011, the U.S. Fish and Wildlife Service (USFWS)
issued a 90-day finding that states listing the species as threatened or endangered may be
warranted. The timeline for a listing decision by USFWS is FY 2020 (USFWS 2016). At
the inception of the initial contract in 2014, the understanding of distribution and status of
Holbrookia lacerata was based on 2009-2010 studies that surveyed museum collections
and literature, interviewed collectors, conducted seminars, solicited volunteer support,
and methodically surveyed sites where the species has occurred historically (Duran and
Axtell 2010; Duran et al. 2011). Holbrookia lacerata were observed and vouchered by
specimens and/or photos in the general vicinity of historical localities in 12 counties. The
species was located in two more counties near historical localities subsequent to the
2009-2010 work.

Holbrookia lacerata consists of two subspecies, Holbrookia lacerata lacerata
(the Northern Spot-tailed Earless Lizard), which occurs mainly on the Edwards Plateau,
and Holbrookia lacerata subcaudalis (the Southern Spot-tailed Earless Lizard), which
occurs below the Balcones Escarpment, mainly in the South Texas Plains. The species
formerly occurred in the Gulf Coastal Prairies, and appeared to be extirpated from many
counties in the southeastern part of the range, as well as from the urbanized counties of
Bexar, Comal, Hayes, and Travis (Axtell 1968, 1998; Duran and Axtell 2010). The
taxonomy of this species is stable (Axtell 1956, 1958, 1998) but little work had been
done on the genetic diversity within the species before this contract had started (Schulte
and de Queiroz 1998), likely due to the paucity of recent specimens and tissues. Basic
natural history information on aspects, such as reproduction and diet, is limited (Axtell
1956, 1958, 1968), though recently, limited numbers of Holbrookia lacerata have been
brought into captivity and maintained with limited success at the Fort Worth Zoo (Diane
Barber, personal communication).

At the initiation of this project in 2014, virtually nothing was known about the
diet or natural history of Holbrookia lacerata save a brief mention by Axtell (1954).
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Dietary records were restricted to brief notes in the unpublished thesis of Axtell (1954):
p. 42, Holbrookia lacerata lacerata: “Food consists of small flying or hopping insects.
Moths were taken in captivity. Movement of the prey is essential for the procurement of
food.” and p. 49, Holbrookia lacerata subcaudalis: “Probably less is known about the
food habits of this subspecies than of any other subspecies of Holbrookia. Only a few
stomachs have been examined, and these contained fragments of grasshoppers, spiders,
wasps, and lepidopteraus [sic]. This subspecies apparently prefers small soft-bodied
insects.” This data gap was noted by the STEL Working Group during a meeting of that
committee and, at their urging, one task was added to each of two subsequent contract
amendments to address this data gap.

The first diet task was to provide a comprehensive description of stomach
contents from preserved museum specimens of Holbrookia lacerata and a comparison of
lizard diet to recent published literature surveys for arthropod communities in south
Texas. To determine the diet of Holbrookia lacerata, museum specimens were borrowed
and stomach contents identified. Diet studies utilizing museum voucher specimens are a
common avenue of research for reptiles, particularly snakes (e.g., Rodriguez-Robles and
Greene 1999; Rodriguez-Robles 2002), however, to our knowledge no diet study had
ever been conducted on museum specimens for any species of Holbrookia. Additionally,
neither historic nor recent multi-taxa arthropod surveys could be found from areas with
current or former populations of Holbrookia. Thus, we can make few inferences
regarding prey availability. Our multi-taxa study of potential prey arthropods serves as a
crucial baseline in any future comparative work identifying the microhabitat utilization of
Holbrookia lacerata.

The second diet task was to describe prey arthropod availability from a portion of
the range of Holbrookia lacerata. In order to further understand how this lizard species
utilizes its habitat, we initiated a field arthropod survey in the hopes of assessing prey
availability on the ground. We adapted common methods for sampling insect diversity to
target those arthropods that lizards could feasibly consume and to focus our effort on the
taxa most commonly encountered in lizard gut contents.

Results of this first diet study would provide important natural history data for a
species for which little is known. Identifying arthropod prey species and interpreting
those arthropod phenologies and specific microhabitats could help provide greater detail
in understanding habitat specificity and phenology for Holbrookia lacerata. In turn, this
information can be used to develop better models to describe and predict lizard
distributions. By comparing the diet of Holbrookia lacerata from the 1950s and 1960s
with those of current arthropod communities, we could provide another clue towards
understanding why this species is no longer extant at so many historical localities or,
conversely, why Holbrookia lacerata continues to persist at other localities.

Results of the second diet study will serve as a baseline of habitat quality in the
future and give us some insight into the selectivity these lizards employ in the foraging of
the landscape they are likely to face. These data can be used in conjunction with
previously funded work on the diet of Holbrookia lacerata to assess variability around
diet preferences and to establish metrics for use in habitat quality assessment and rates of
survival, persistence, and reproductive quality. Thus, understanding the diet preferences
of this species would help us better gauge its use of habitat and habitat quality. These
data will also help us interpret individual survival rates and population-level persistence
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Diet study using museum voucher specimens of Holbrookia lacerata
Materials and Methods:

Lizard specimens were obtained through loans from the Biodiversity Research
and Teaching Collections at Texas A&M University, the University of Kansas, and the
Natural History Museum of Los Angeles County, in addition to specimens available from
the Biodiversity Collections at The University of Texas at Austin. This yielded a total of
145 lizards with collection localities across one state in Mexico and 25 counties in west
and south Texas from 1905 to 2009. Specimens were collected by various methods but all
were preserved in 10% formalin and stored in 70% ethanol. Seventy-six of these
specimens came from the northern population (Holbrookia lacerata lacerata), 71 of
which were dissected; 35 specimens came from the southern population (Holbrookia
lacerata subcaudalis), 25 of which were dissected. An additional 33 specimens lacking
specific locality data also were dissected.

Lizards were identified as male, female, or juvenile (of either sex) based in part
on the presence of eggs or testes as well as by examining the post-anal scales. Some
juveniles were intermediate in morphology and could not accurately be assigned male or
female. Based on animals that could be identified male or female, a size cutoff of 37 mm
snout-vent length (SVL) was used as the upper boundary for juveniles.

Snout-vent lengths and gape widths (defined as the widest point across the mouth
opening) were measured to the nearest hundredth of a millimeter with digital vernier
calipers prior to dissection. The stomach contents of 129 of these individuals were
removed and stored in ethanol for later counting and identification by one author (IMW).

Arthropod prey items were sorted under a dissecting scope, identified to order and
family, and counted. Length, width, and height measurements were taken using a piece of
1 mm-gridded graph paper placed under a petri dish and examined through the dissecting
microscope. These measures were used later to calculate prey volumes using the formula
for a prolate spheroid (Vitt and Morato de Carvalho 1992).

We used total abundance and volume scores to calculate relative abundance
(percentage of total items in gut) and relative volumes (percentage of total food volume
in gut) of each prey item.

Results:

Overall, the diet of Holbrookia lacerata (n = 129 stomachs examined) is largely
generalist and consists mainly of insects as well as spiders (Table 1). Grasshoppers
accounted for the most gut volume across all lizards followed by beetles and spiders.
Next most important are lepidopteran larvae, hymenopterans (especially ants), true bugs,
and termites in roughly equal measure. Six other arthropod orders were consumed but
only rarely. Regarding abundance, termites were the most commonly eaten arthropods.
However, individual termites are comparatively small insects and the bulk of Holbrookia
lacerata gut volume was occupied by relatively few but large-bodied orthopterans.

Juvenile lizards showed the highest evenness of prey items taken compared to
adult males and females (Figure 4.1). The majority of their prey also was grasshoppers by
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volume, but other arthropod orders were present in roughly equal amounts. By
abundance, juveniles ate the greatest number of termites and small hemipterans, though
these did not constitute the bulk of prey volume as each individual was small.

Adult lizards also show high proportions of orthopterans in their diet but females
consume fewer of these and more beetles than either males or juveniles. Male lizards
show the most restricted diet breadth with nearly 65% of their prey volume coming from
few, large grasshoppers and spiders.

Initial analyses indicate no major differences between northern and southern
populations; however, the data for the southern population is less clear and more
susceptible to large swings in representative diet due to low sample size.

Discussion:

This study, based on the gut contents of 129 lizards, is the first comprehensive
description of the diet of Holbrookia lacerata. The results of this diet study indicate that
Holbrookia lacerata likely is an opportunistic generalist, consuming a variety of
small-bodied arthropods as they are encountered across the landscape. Grasshoppers
constitute the largest source of food for these lizards by volume and are likely the most
abundant and important piece of their feeding ecology. Moreover, orthopterans constitute
more than a third of the diet of both juveniles and adult lizards suggesting their
importance in maintaining and growing populations of these lizards through time. Beetles
and spiders constitute the next most important prey for these lizards followed by
caterpillars, ants, and true bugs.

Most of these prey items are likely to be encountered on open soil between
patches of vegetation. Grasshoppers, especially, are cryptic when resting in or on
branches or clumps of vegetation and are unlikely to catch the attention of visual hunters
like Holbrookia lacerata. However, they often move between vegetation in short bursts
of flight and land on open ground where they are more noticeable. When flushed,
grasshoppers fly to the nearest patch of vegetation and take a considerable amount of
time to recover from their ungainly landings. During this time their lizard predators could
run them down and glean them from the vegetation. This gleaning behavior is also
supported by the presence of many types of pollinators and vegetation specialists in
moderate abundance throughout the gut samples. These prey, such as apid bees and
chalcidoid wasps, rarely alight on open ground, instead preferring to land and move
through vegetation. Crab spiders (Thomosidae), which rarely leave flower heads and
stems, were also present throughout the samples. Prey types like these give further
indication that Holbrookia lacerata is a versatile forager and match with previous
speculations regarding the foraging behaviors of these lizards (Axtell 1954).

Additional, though anecdotal, guesses about the temporal spread of feeding
behavior in these lizards can be inferred from the diet. Guts from this study contained
portions of the legs of a sun spider (Solifugae) as well as several ants in the genus
Camponotus. Both of these arthropod groups are crepuscular or nocturnal and are most
often encountered on open ground during these times of the day. The presence of these
taxa in the guts of Holbrookia lacerata indicate that these lizards may be actively
foraging at dawn or dusk as well as throughout the heat of the day.
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Both ontogenetic and sex differences are present in the diet (Figure 4.1). Though
these do not deviate much from the average diet across all lizards, some feeding ecology
differences are worth noting. Juvenile lizards show a wide range of diet breadth despite
the fact that grasshoppers account for nearly half of their prey volume. Juveniles, for
example, eat a much larger proportion of collembolans and small opiliones than do
adults. These groups are very small, ground-dwelling arthropods that are likely to be
overlooked or ingested by accident by larger adult lizards, but which may represent a
reliable, easy to catch food source for the much smaller juveniles. Juveniles also took no
caterpillars and much fewer pollinator taxa than adults. This could indicate that juveniles
are not as adept at climbing and foraging from low-lying vegetation and must rely more
heavily on ground-dwelling and soil arthropods instead. These smaller-bodied taxa also
accounted for the majority of the individual prey items eaten, suggesting that juveniles
focus predominantly on small, easy to obtain prey but will take the occasional larger
orthopteran when presented with an opportunity.

Females tend to take fewer orthopterans and more beetles than either juveniles or
males. They also show the highest proportion of lepidopteran larvae in their guts. This
could indicate that females spend more time gleaning prey from around vegetation than
they spend foraging across open soil.

Why adult males seem to slightly specialize on orthopterans and spiders is
unclear. These prey items would be most commonly encountered on bare ground between
patches of vegetation and would have to be run down to be caught. This could indicate
that males are traveling farther and spending more of their time moving across the
landscape than females which would be expected if male territory and home range sizes
are larger than those of females who might be more tied to burrows. We do not know if
this pattern describes the behaviors of Holbrookia lacerata, however it does match the
majority of phrynosomatid lizards (Pianka and Vitt 2003).

Additionally, 26% of lizards sampled had empty stomachs. While these lizards
could have been kept in captivity until starvation, this figure is well within the reported
range for field-captured lizards (Huey et al. 2001). This proportion of empty stomachs is
perhaps another indication that these lizards will take prey opportunistically as they
encounter it.

Together, these data present the first complete glimpse of the feeding ecology of
Holbrookia lacerata across Texas. This study also provided guidance in establishing
protocols for future fieldwork to understand diet availability in the habitats these lizards
occupy [following study]. These results indicate that we need only assess prey population
smaller than the maximum gape width of these lizards. Because of this study, we also
appended standard insect sampling protocols to focus more on trapping methods and
efforts that would elucidate patterns of diversity and abundance of ground- and
vegetation-dwelling insects of the taxa most commonly observed in Holbrookia lacerata
guts. In sum, this diet analysis has provided the first steps to understanding and
accurately evaluating the foraging ecology of Holbrookia lacerata across Texas.
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Field Availability of Arthropods as Potential Diet Items for Holbrookia lacerata
Materials and Methodology:

Field surveys for arthropods were conducted at two sites in west Texas during
June and August of 2016. Each field survey lasted a total of seven days and employed a
variety of traps and methodologies to accurately census arthropod diversity. We were
initially going to include a third survey site in southeast Texas, however our field crew
was unable to secure access to a site in this area with high enough densities of
Holbrookia lacerata to be valuable to the study. The remaining field sites were chosen
because they were in areas of probable high lizard densities and because field survey
crews were in the process of conducing lizard surveys at these sites. This provided
valuable on the ground help and experience as well as a baseline of lizard densities to
correlate with any future arthropod availability surveys.

At each site and time point, five different arthropod capture methodologies were
employed in order to provide the most complete understanding of the arthropod fauna
available. Termite cover boards were constructed from 0.25m x 0.25m pieces of
corrugated cardboard and staked down 5 meters apart from each other in a 3 x 3 grid at
each site. The objective of these boards is to provide a source of fiber as a bait for termite
recruitment. These were left in place for 7 days before being collected into ziplock bags
for later dissection and examination in the lab. Nine pan traps were also laid out 5 meters
apart in a 3 x 3 grid at each site. These consisted of a 2” deep, 14” x 10” yellow tray
filled with an inch of water and a drop of liquid soap to break the water’s surface tension.
This traps and drowns insects, especially pollinators, which fly in as they are attracted by
the color. These traps were held open for 24 hours during the first and seventh days of
sampling at each field site and during each sampling period. The contents of these traps
were then poured into ziplock bags for later analysis in the lab. Five rows of 10 pitfall
traps were dug at each site, moving perpendicularly outward from a roadside. Rows were
spaced 10 meters apart from one another and individual pitfall traps were spaced at 5
meter intervals along these rows. Phrynosomatid lizards do not tear their prey into pieces
and thus are gape width limited with regard to prey size. Thus the pitfall traps used in this
survey were 50 mL centrifuge tubes with a mouth diameter of roughly 1”. These tubes
were buried level with the ground, filled with 10 mL of antifreeze, and left open for 24
hours during the first and seventh days of each sampling period. Sweep samples were
also conducted in sets of 10, 100-meter long transects perpendicular to roadsides and
separated by 10 meters. Transects were swept in 2-meter wide arcs with a sweep net and
contents of each sweep were dumped into a ziplock bag for later analysis in the lab. A set
of the ten sweep transects was run during the first, second, and seventh days of each
sampling period. Finally, malaise traps were set out in flyways within 50 meters of the
nearest pitfall or sweep transect and held open for all seven days of each sampling event.
Specimens caught by these traps were stored in 70% ethanol in a plastic vial until being
analyzed in the lab. All together this yielded 100 pitfall samples, 30 sweep samples, 18
pan samples, 9 termite board samples, and 1 malaise sample from each of the four
sampling events. Using the number of arthropod species present along with the relative
abundance of each species, a Simpson’s diversity index was calculated (Simpson 1949).
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Field site descriptions:

LAFB Site: The LAFB site is a 16 km-square patch of managed rangeland within the
Laughlin Air Force Base. It is bordered on all sides by high fence and on its north
boundary by a highway. Less than 1 km to the southwest of the field site is an active
runway. The site is in the southeastern corner of Val Verde County, Texas roughly 10 km
east of the town of Del Rio. The field site itself is a highly managed mown grass field
with no trees within roughly 2 km of its center. The vegetation is mostly a mix of native
and introduced grasses with occasional flowering plants and forbs such as asters, devils
bouquet, Sabatia, and milkweeds. The vegetation height here averaged 0.25 meters.
While the diversity and structural complexity of vegetation here was lower than at the
Flip site, it was still within a few kilometers of riparian corridors and tributaries to the
Rio Grande river. This proximity to more complex habitat is a likely driver of the
relatively high diversity found in this otherwise heavily managed site. This resulted in a
variety of diverse arthropod taxa at least occupying the site and intercepted during
dispersal.

“Flip” Site: The Flip site is an 8 km-square patch of unfenced scrubland bordered on two
sides by dirt access roads with a power line access corridor along its southern edge. It is
located roughly 13 km southeast of Barnhart, Texas in Crockett County. The site is
surrounded for several miles on all sides by scrubland of similar composition, although
much of the land is fenced off, used for cattle grazing, and/or under development for well
pads. The vegetation height here averages 0.5 meters high, however there is a reasonable
density of mesquite trees providing an array of complex structural habitat. The ground
cover is moderately open with several bare patches of soil and rock covered in a
patchwork of annual native grasses, mesquite, prickly pear cactus, and a variety of asters
and forbs such as broomweed and goldenrod. This yields a diversity of structure and
nectar resources for a wide variety of arthropod species as well as adequate bare ground
cover for lizards to capture prey.

Results:

The results of a Simpson’s index (S) calculated for all taxa collected across both
time points show that the Flip site is much more diverse and species-even (S = 0.677)
than the LAFB site (S = 0.351). However, it is worth noting that the LAFB site actually
included greater total numbers of families and species of arthropods than did the Flip site
and that a Simpson’s index value of 0.351 still represents appreciable diversity, especially
considering how heavily managed this field site is. Total abundance was also much
higher at the Flip site (n = 12021 individual arthropods) than at the LAFB site (n = 3385).
Most of this density is explained by a single taxon; hymenoptera. For example, nearly
81% of the density at the Flip site was accounted for by ants and other hymenopterans.
Other taxa were found in much lower proportions as outlined below (Table 4.2).
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Diversity and abundance at both sites decreased from the June sampling period to
the August sampling period. This was most pronounced at the Flip site which saw a 72%
decrease in abundance compared to a 38% decrease at the LAFB site. However, the
lowest abundance totals from the Flip site were still 44% larger than the highest
abundance totals at LAFB. Seasonality of arthropod reproduction and activity patterns
likely contributed to some of the abundance decrease seen over the summer, however it is
worth mentioning that the LAFB site sustained heavy and consistent rains before and
during the August sampling period which likely drove down overall activity levels
(especially flight movement and dispersal).

Hymenopterans were by far the most abundant taxa at each location and time
point. Further, this abundance was primarily driven by ants. The majority of other taxa
were rare and represented by only a handful of individuals. However, at both sites,
beetles, flies, spiders, and grasshoppers were commonly encountered. These are all
important diet items for Holbrookia lacerata as indicated by their relative percentages of
volume found in gut contents (these taxa each account for at least 7% relative gut
volume). Interestingly, when excluding the hyper-abundant hymenoptera as a variable,
the relative abundances in the field are about equal to the relative abundances seen in gut
contents. Thus the current diet availability at these sites nearly mirrors the diet
preferences found in lizard guts in the first study with the exception of spiders,
hemipterans, and termites. Spiders and hemipterans are more common in the field than
would be predicted by gut contents and termites are vastly more common in lizard guts
than they are in the field.

Discussion:

Diversity survey studies like this provide few concrete answers to testable
questions, however they do highlight the overall diversity and abundance of a study area.
This allows comparisons to be made across sites and times and provides insights, albeit
speculative, to the ecology and natural history that must be at work.

From a diversity standpoint, the LAFB site is less diverse and less species-even
than the Flip site. While the LAFB site contained a greater number of families and
species than found at the Flip site, most of these taxa were represented by only one or a
few individuals and would likely not be a consistent source of available food at the site.
This disparity between the sites is likely due to the comparatively reduced structural
complexity and diversity of the habitat around LAFB. Many insects are tied to certain
types or even species of host plant and a site like Flip that is high in flowering plant
diversity offers a variety of nectar and food resources for arthropods. The structural
complexity at this site is also far more diverse than at the LAFB site. This structural
complexity provides an array of perching, hiding, and thermoregulatory spots for
arthropods as well traps more moisture and resources underneath bark or other vegetation
for the arthropods to exploit. Thus, we would expect to find a greater diversity and
greater abundance of arthropods across niche types at the Flip site. While the raw
diversity numbers are similar, this result holds up when one considers that more of the
taxa found at the Flip site were found in large numbers, presumably indicating consistent
prey bases here.
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The diversity found at the LAFB site, however, is still quite respectable for such a
heavily managed area. Many more arthropod species were found at the LAFB site than
would be expected given the lack of habitat complexity. The increased diversity is likely
explained by the sites proximity to riparian areas and wooded corridors. These areas
likely serve as habitat for large and consistent populations of many arthropod species and
the individuals collected during this study were likely a result of spillover of dispersing
organisms. For example, a few individuals of the ant genus Neoponera were collected in
sweep samples running through areas of sparse grass cover despite the fact that, in Texas,
this group of ants tends to live mainly along riparian corridors. Their dispersal range is
far enough that these ants were likely emigrating from nearby stable populations to the
LAFB site. So while these ants and other taxa with similar patterns may not be a
sustainable source of food for lizards, they certainly represent possibilities for
opportunistic encounters.

Diversity and abundance both decreased over the sample period from June to
August 2016 suggesting that prey availability decreases later in the season. Some of this
seasonality is undoubtedly accounted for by heavy and persistent rains during the second
sampling period at the LAFB site during the August sampling period and by the fact that
the site was mowed between sampling periods. However, even without this the trend
would still likely have been downward. We are unsure what this means for patterns of
lizard activity and foraging. Lizards likely spend more time foraging and consuming prey
items early in the season when these prey are more abundant. Conversely, lizard activity
slows down as prey become less abundant and as temperatures begin to drop. Insects can
still be found across west Texas during the winter months, outside the primary activity
period of Holbrookia lacerata based on lizard survey work under this contract. Like other
phrynosomatids, they likely spend more of the winter underground or under vegetation
cover in a state of torpor and eat little if at all. This hypothesis is supported by the gut
contents of the only four lizards collected in winter months that were examined in the gut
content survey (one each from November, December, January, and February). Two of
these lizards had empty stomachs and the two others each contained one prey item each
accounting for an average volume of 18 mm’. In comparison, lizards collected across all
other months had an average gut content volume of 268.5 mm’. Thus it seems probable
that these lizards are foraging little if at all during the winter months perhaps only coming
out of torpor on hot days to thermoregulate and eat.

Diversity and density varied greatly among the arthropod taxa collected at each
site but especially of note was the abundance of hymenopterans, specifically ants.
Hymenopterans dominated abundance counts at both field sites and at each time point.
Especially dominant at the Flip site was one species of Forelius ant. Admittedly, these
counts were raw abundance numbers and we did not take volumetric measures of prey
size during this study. So, while these ants were numerous, a single large grasshopper
might equal the volume and nutritional value of hundreds of ants. By reanalyzing the gut
content data to look at relative abundances in the diet we can compare these numbers to
numbers of arthropods observed in the field. By this measure, orthopterans are present in
about equal proportions at each field site as they are in lizard guts. However, at both sites,
spiders and hemipterans are more abundant and termites are less abundant than their gut
content abundances would suggest. This could indicate that lizards somewhat avoid
spiders and hemipterans which might be difficult to catch in favor of larger, relatively
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more valuable orthopterans. Other taxa found disproportionally in lizard guts compared
to field samples could be explained by temporal variability in the availability of those
prey items. Termites, for example, were found in much greater abundance in lizard guts
than they were at either field site or time point. Termites spend much of their time buried
under ground or underneath rocks and vegetation but can show seasonal spikes in above-
ground abundance during mating flights just after rains. Termite predation by lizards
might thus be facultative, following variable encounter rates and relative abundances,
and/or we simply sampled at the wrong time of year or in the wrong microhabitats to
accurately census this diet item. Another explanation could be that lizards are digging for
termites or specifically foraging around vegetation bases or fallen dead branches to
search for this particular prey type.

All together, these sites both seem indicative of good habitat quality and abundant
forage for Holbrookia lacerata. Results from our gut content survey indicate that these
lizards are opportunistic generalists that subsist on small prey items but which fill their
guts with large grasshoppers when the opportunity presents itself. They also appear to
glean insects from low-lying vegetation and, potentially, from bark, soil, and leaf litter.
These habitats, and the arthropods that occupy them are abundant at both field sites,
especially the Flip site. Both sites also show arthropod availability at roughly the same
proportions that these arthropod types were represented in the diet of museum specimens.
Both habitats also have a reasonable amount of bare ground cover for the lizards to chase
down arthropod prey and to thermoregulate. This project highlights the importance of
surveying not only the diet, but the prey availability for a given predator. From these
data, we now better understand how these lizards utilize their habitat and what prey items
are most important to the lizards, providing us an indication of how well an area suits the
diet of this particular lizard.
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Figure 4.1. Relative volumes of prey types in guts of juvenile, female, and male Holbrookia lacerata.
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Figure 4.2. Diet of the Spot-tailed Earless Lizard (Holbrookia lacerata) by relative volume based
on recovered stomach contents from 129 preserved museum specimens.
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Table 4.1. Diets of juvenile, adult female, and adult male Holbrookia lacerata. Numbers of stomachs dissected are
indicated in parentheses.

Juveniles (n = 19) F les (n = 60) Males (n = 50)
Prey Type (Order) Total Count % Relative Count % Relative Volume Total Count % Relative Count % Relative Volume Total Count % Relative Count % Relative Volume
Araneae 15 8.57 9.41 35 7.48 9.23 36 18.56 21.08
Blattodea 44 25.14 8.73 215 45.94 6.95 8 412 0.67
Chilopoda 0 0.00 0.00 3 0.64 0.28 1 0.52 0.49
Coleoptera 14 8.00 16.52 117 25.00 22.61 40 20.62 7.24
Collembola 1 0.57 0.06 1 0.21 0.01 0 0.00 0.00
Diptera 0 0.00 0.00 2 0.43 0.35 0 0.00 0.00
Hemiptera 44 25.14 12.28 27 5.77 3.89 30 15.46 7.36
Hymenoptera 22 12.57 4.93 22 4.70 7.87 35 18.04 9.32
Lepidotera 0 0.00 0.00 15 3.21 11.81 10 5.15 8.51
Mantodea 0 0.00 0.00 1 0.21 0.94 1 0.52 0.01
Neuroptera 2 1.14 0.12 0 0.00 0.00 1 0.52 1.29
Opiliones 28 16.00 2.37 0 0.00 0.00 1 0.52 0.04

Orthoptera 5 2.86 45.57 30 6.41 36.00 31 15.98 43.99



Table 4.2. Total and percent relative abundances of arthropod taxa collected at each field site and time point.

LAFB Site Flip Site
June August June August

Order Total abundance % Relative abundance Total abundance % Relative abundance Total abundance % Relative abundance Total abundance % Relative abundance
Araneae 58 3.67 70 7.11 482 493 173 6.17
Blattodea 2 0.13 3 0.30 4 0.04 0 0.00
Chilopoda 0 0 0 0 2 0.02 4 0.14
Coleoptera 113 7.15 165 16.77 85 0.87 77 2.74
Collembola 15 0.95 38 3.86 75 0.77 14 0.50
Diptera 98 6.20 47 478 74 0.76 55 1.96
Hemiptera 229 14.48 129 13.11 729 7.46 217 7.73
Hymenoptera 944 59.71 484 49.19 8104 82.90 2096 74.70
Isopoda 0 0 0 0 10 0.10 1 0.04
Lepidoptera 62 3.92 23 2.34 35 0.36 41 1.46
Mantodea 0 0.00 1 0.10 1 0.01 1 0.04
Mecoptera 0 0 0 0 3 0.03 0 0.00
Microcoryphia 0 0.00 2 0.20 0 0 0 0
Neuroptera 0 0 0 0 1 0.01 2 0.07
Odonata 0 0.00 1 0.10 1 0.01 0 0.00
Orthoptera 56 3.54 20 2.03 138 141 119 4.24
Phasmatodea 0 0.00 1 0.10 10 0.10 3 0.11
Psocoptera 3 0.19 0 0.00 21 0.21 1 0.04
Thysanoptera 1 0.06 0 0.00 1 0.01 2 0.07

Totals 1581 100.00 984 100.00 9776 100 2806 100
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Abstract

Species delimitation attempts to match species-level taxonomy with actual evolutionary lineages.
Such taxonomic conclusions are typically, but not always, based on patterns of congruence
across multiple data sources and methods of analyses. Here, we use this pluralistic approach to
species delimitation to help resolve uncertainty in species boundaries of phrynosomatid sand
lizards of the genus Holbrookia. Specifically, the Spot-tailed Earless Lizard (H. lacerata) was
historically divided into a northern (H. I lacerata) and southern (H. I. subcaudalis) subspecies
based on differences in morphology and allopatry, but no research has been conducted evaluating
genetic differences between these taxa. In this study, patterns in sequence data derived from two
genes, one nuclear and one mitochondrial, for 66 individuals sampled across 18 counties in
Texas revealed three strongly supported, reciprocally monophyletic lineages each comprised of
individuals from a single geographic region. Distinct genetic variation evident across two of
these regions corresponds with both the historical subspecies boundaries based on morphological
variation and the presumed geographic barrier between them, the Balcones Escarpment. The
combined evidence from genetics, morphology and distribution is sufficient to consider these
subspecies as distinct species with the lizards north of the Balcones Escarpment retaining the
name Holbrookia lacerata, and those south of the Balcones Escarpment being designated as
Holbrookia subcaudalis.

Introduction

Delimiting species is a fundamental function of taxonomy. While many methods have been used
for species delimitation (reviewed by Carstens et al. 2013), it is critically important to investigate
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multiple sources of data for each potential species (Knowles & Carstens 2007; Schlick-Steiner et
al. 2010). Congruence of all data sources is not necessary when delimiting species. For example,
morphology is known to be conservative (and thus less informative) in many taxa with deep
genetic divergences. However, congruence between genetic and non-genetic data sources
(e.g., life history, distribution, morphology, ecology, and behavior) provides a compelling
argument for concluding that populations or metapopulations are their own evolutionary lineage
(General Lineage Concept—de Queiroz 1998).

Using multiple methods and criteria for species delimitation would be particularly helpful in
resolving uncertainty in species boundaries of phrynosomatid sand lizards. This sand lizard
group is comprised of 12 currently recognized species belonging to four different genera: Uma,
Callisaurus, Cophosaurus, and Holbrookia (Schulte & de Queiroz 2008; Wilgenbusch &
de Queiroz 2000). Although the monophyly of the sand lizard group, its relationships to other
phyrnosomatid lizards, and the validity of the four genera listed above are well-supported
(de Queiroz 1992; Schulte & de Queiroz 2008; Wiens et al. 2010; Wilgenbusch & de Queiroz,
2000), the taxonomic designation of lineages within some of those genera are unresolved. The
genus Holbrookia, for example, contains the following four “earless” species (i.e., with a
concealed tympanic membrane): H. elegans Bocourt (2 subspecies), H. lacerata Cope
(2 subspecies), H. maculata Girard (5 subspecies), and H. propinqua Baird and Girard.
Phylogenetic relationships, geography, and patterns of morphological variation suggest that some
of the subspecies may warrant species rank (Wilgenbusch & de Queiroz, 2000).

For the Spot-tailed Earless Lizard (Holbrookia lacerata) in particular, two subspecies have been
distinguished based on allopatry and morphology (Axtell 1956, 1958). The distributions of these
subspecies are clearly separated by the southern edge of the Edwards Plateau or Balcones
Escarpment (Fig. 1; Axtell 1956, 1958). The southern subspecies (H. I. subcaudalis) differs from
the northern subspecies (H. [. lacerata) in average adult size (snout-vent length 62 mm vs. 54
mm, respectively) and average femoral-pore count (15.7 to 12.8, respectively). The southern
subspecies also has unfused pairs of blotches on each side of the dorsal vertebral line and
rounded blotches on the hind legs rather than fused dorsal blotches and dark bands on the hind
legs found in the northern subspecies (Fig. 5.1). Despite these clear geographic and
morphological differences, no research has been conducted to determine whether genetic
differences between H. lacerata subspecies exist.

In this study, we evaluate the subspecies designations of Holbrookia lacerata using sequence
data derived from two genes, one nuclear and one mitochondrial, morphological data, and
ecological niche modeling. Our goal was to provide information about genetic diversity,
morphological differentiation, and niche differences within H. lacerata. This will determine
congruence among data types and provide empirical support for delimitation of H. lacerata.
Results of this research have implications for future conservation and management of H. lacerata
populations, as this species is currently being considered for listing by the U.S. Fish and Wildlife
Service (FWS) under the Endangered Species Act (USFWS 2011).
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Texas

Rio Grande

Mexico

Figure 5.1. Shaded portion of the map depicts the historical distribution of Holbrookia lacerata

The green and red triangles are localities for the historically divided northern (H. [ lacerata) and southern (H. [. subcaudalis)
subspecies, respectively. The samples collected for this study are depicted as red or green circles. The orange line represents the
Balcones Escarpment. The photograph outlined in red is a male Holbrookia subcaudalis from Jim Wells County, Texas and the
photograph outlined in green is a male H. lacerata from Schleicher County, Texas.
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Methods
Phylogenetics

We collected tissue samples during 274 statewide surveys in Texas between April and
September 2015. We did most of these surveys by driving roads, which has proven to be an
effective method for collecting Holbrookia lacerata (TJH, WAR pers obs). We took liver
samples from up to two specimens at each survey site. We also collected tail tips from additional
captured lizards and collected tissues from lizards found dead on the road. We also contacted
natural history collections and museums to supplement tissues collected from road searches. In
total, we amassed 73 tissues from three Holbrookia species, which included 66 H. lacerata
samples from 20 Texas counties.

We extracted whole genomic DNA from tissues, tail tips, and blood as available using the
E.Z.N.A Tissue Extraction Kit and standard protocols (Omega Bio-Tek, Norcross, GA) for
Holbrookia lacerata individuals as well as from two outgroups (H. maculata (n = 4) and H.
propinqua (n =3)). We used extracted DNA to sequence a mitochondrial and a nuclear gene.
We selected the mitochondrial NADH dehydrogenase subunit 2 gene (ND2) as it was
informative in reconstructing diversification patterns within the sand lizard clade (Uma,
Calliaurus, Cophosaurus, and Holbrookia) of Phyrnosomatidae (Blaine 2008). We amplified
1,086 bp of ND2 using primers H4437 and Ala.r3 (Blaine 2008; Macey et al. 1997), for all
samples. The nuclear gene amplified was Recombination Activating Gene 1 (RAG-1), which we
amplified for 33 Holbrookia individuals (including one each of H. maculata and H. propinqua
as outgroups) and 1,054bp using JRAGIf2 and JRAGIr3 (Leach¢ & McGuire 2006). We
selected RAG-1 as it has proven phylogenetically informative in resolving relationships within
other phyrnosomatid genera (Wiens et al. 2010).

We performed polymerase chain reactions (PCR) with GoTaq Flexi DNA polymerase
(Promega). Automated sequencing was performed using BigDye (Applied Biosystems) and
products were sequenced on an ABI PRISM 3730xl (Beckman Coulter, Danvers, MA). We
verified and aligned sequences by eye using Geneious 6.1.8 (http://www.geneious.com, Kearse
et al., 2012). We used PHASE 2.1 (Stephens et al. 2001) for haplotype reconstruction of diploid
gametic alleles for the RAG-/ gene as implemented in the DnaSP 5.10.1 package (Librado &
Rozas 2009). We used a 1000 burn-in, 10 thinning intervals, and 1000 main iterations resulting
in 66 sequences for 33 taxa.

Phylogenetic analyses were first conducted on single gene trees. The most appropriate models of
evolution were determined using Partition Finder (Lanfear et al. 2012) for each single gene
across all positions. For the ND2 gene and RAG-1 gene, the most appropriate model selected
using the Akaike information criterion (AIC) was GTR + G, whereas the Bayesian information
criterion (BIC) criterion selected the HKY + G. For concatenated gene tree analysis the most
appropriate models selected using AIC was 3 partitions, ND2 position 1+2 under GTR + I, ND2
position 3 under HKY + I, and Gene 2 under HKY + I. The most appropriate model selected
using the BIC criterion was HKY + I + G for both genes across all position.
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Single-gene phylogenies and concatenated gene tree analyses were assessed using HKY + I for
all. Bayesian inference (BI) was conducted using MrBayes 3.2.6 (Ronquist & Huelsenbeck
2003) and in two Monte Carlo Markov Chain (MCMC) analyses (Geyer 1991) which were run
for 10 million generations and sampled every 1000. For ND2, we ran both AIC and BIC selected
models, and for RAG-1, we ran the AIC and BIC selected model as well as a reversible jump
(RJ) model. For all analyses, convergence and appropriate burn-in was assessed using Tracer
(Rambaut 2007) and potential scale reduction factors were verified to have reached convergence
values (PSRF=1.0). Maximum likelihood (ML) analysis was conducted using RAXML 7.2.7
(Stamatakis 2006) on the CIPRES Science Gateway Portal (Miller et al. 2010). Analyses were
run under the GTRGamma model and all parameters were estimated. Rapid bootstrap support
values were estimated with 10000 replicates.

For the concatenated analysis, model selection was run under both AIC and BIC model schemes
determined in PartitionFinder. BI and ML analyses were run as the single gene analysis in
MrBayes 3.2.6 and RAXML 7.2.7, respectively. For BI concatenated gene tree analysis, the most
appropriate models selected using AIC was 3 partitions, ND2 position one under GTR + I, ND2
position three under HKY + I, and RAG1 all positions under HKY + I + G. The most appropriate
model selected using the BIC criterion was HKY + I + G for both genes across all positions.
RAxML 7.2.7 was run under the GTRGamma model with all parameters estimated and rapid
bootstrap values estimated with 10000 replicates.

We constructed median-joining haplotype networks using Network 5.0 (Fluxus-
engineering.com) to discern patterns across different haplotype genotypes. Uncorrected pair-wise
sequence divergences among mtDNA haplotype groups was determined using MEGA7.0.14
(Kumar et al. 2016) for the ND2 gene.

Morphology

We amassed 157 H. lacerata specimens (H. . lacerata = 112: H. . subcaudalis = 45) from
surveys and natural history museums. On each lizard we measured snout-vent length (SVL), tail
length, head width, head depth, head length, upper arm length (humerus), lower arm length (from
elbow to longest finger), upper leg length (femur), lower leg length (tibia), foot length (foot to
longest toe), fourth toe length, and interlimb length to the nearest millimeter using digital
calipers. We also counted the number of lateral spots, body blotches, connected blotches
(between pelvic and pectoral girdles), femoral pores (left and right separately), and blotches on
right leg (Fig. 5.2).
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Figure 5.2. Morphological characters used to distinguish northern and southern subspecies from one another

The two images on the left are from a single northern (H. /. lacerata) male (dorsal and ventral view). The two images on the right are
from a single southern (H. I subcaudalis) female (dorsal and ventral view).
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We removed the effects of body size by taking the residuals from linear regressions against SVL
for all length measurements. We used these residuals in all subsequent analyses. We investigated
morphological variables for multicollinearity. We found significant pairwise Pearson correlation
between each of the leg variables (femur, tibia, foot, and fourth toe) and arm variables (humerus
and lower arm), therefore we used only femur and humerus length in the analysis. We performed
t-tests on the variables commonly associated with sexual dimorphism in phrynosomatid lizards
(SVL, head width, head depth, head length, and interlimb length). We found that head width
(t=2.19, p = 0.03), head depth (t = 2.28, p = 0.02), and interlimb length (t = -7.708, p < 0.001)
were all significantly different between sexes; therefore we did not use these sexually dimorphic
characters in later analyses.

We used principle component analysis (PCA) to investigate the importance of morphometric
variables and to visualize the morphospace occupied by the two H. lacerata subspecies. We used
t-tests, with Bonferroni correction, to test for significance of each variable between subspecies.
All statistical analyses were done in the program PAST 3.07 (Hammer and Harper, 2006).

Ecological Niche Correlates

To infer whether there is ecological divergence between the two subspecies of H. lacerata, we
tested for niche equivalency and background similarity (Warren et al. 2008). Niche equivalency
tests whether two modeled ecological niches are more different than expected if drawn from the
same population. This test uses Schoener’s (1968) statistic for niche overlap (D) and a similarity
statistic (I) based on Hellinger distances (van der Vaart 1998). Both statistics range from 0 to 1,
where 0 indicates no overlap and 1 indicates complete overlap. A randomization procedure
partitions the occurrences from known groups into randomly assigned groups and then uses the
groups to estimate ecological niche models. D and I are calculated for each permutation of this
procedure and are compared to the original D and I for the known groups. Background similarity
tests whether the difference between two modeled ecological niches are more similar than
expected, given the difference between their backgrounds (i.e., available or accessible
environments). We used 1000 permutations in both tests of niche equivalency and background
similarity. Tests were performed in the R Statistical Programming Language with the packages
ecospat (Di Cola et al. 2017), maxent (Phillips et al. 2017), SDMTools (VanDerWal et al. 2014),
and dismo (Hijmans et al. 2017). We compiled occurrence data and climate variables to build
ecological niche models for tests of niche equivalency and background similarity.

Occurrence data (n = 565) were compiled from all known locality records of H. lacerata (Fig.
5.1). Occurrences were separated into H. . lacerata (n = 322) and H. [. subcaudalis (n = 243)
based on morphology, genetics, and/or geographic location of sample. To account for spatial and
collector bias in the occurrence data, we used an environmental filtering method that down
samples occurrences based on gridding predictor variable space (Varela et al. 2014). The
environmental filtering procedure randomly samples one occurrence point from each equidistant
grid cell in predictor variable space. Each variable grid was based on equidistant spacing of grid
cells. After applying the environmental filter, the occurrence dataset was reduced to 122
occurrences for H. . lacerata and 64 occurrences for the H. [. subcaudalis.
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Predictor variables included in the analysis were from a suite of bioclimatic variables in the
Worldclim 2 database sampled at a 2.5 minute resolution (Fick and Hijmans 2017). Bioclimatic
variables are meant to be biologically meaningful and represent means and extremes of
temperature and precipitation at various temporal scales (monthly, quarterly, and yearly) (Nix
1986). We removed strongly correlated variables (r > 0.65 or r < -0.65) from the suite of
nineteen bioclimatic variables to simplify interpretation of variable contribution and permutation
importance results from ecological niche modeling, discussed below. Five predictor variables
met the criteria: mean annual temperature (C), isothermality (%), maximum temperature of the
warmest month (C), annual precipitation (mm), and precipitation seasonality (%). Isothermality
is a ratio that compares the average day to night temperature differentials with annual
temperature differentials; if the ratio is 1 (or 100%), then the difference in temperature during an
average day or month is no different than the difference in temperature between seasons.
Precipitation seasonality is the coefficient of variation of monthly precipitation. For detailed
descriptions of the derivation of these five variables see Nix (1986).

We used Maxent version 3.4.1 to build ecological niche models of H. [ lacerata and
H. | subcaudalis (Phillips et al. 2017). We randomly sampled 20% of occurrence records after
filtering for a testing dataset and used the remaining 80% of data for model training. Order of
variable importance and amount of variable contribution was quantified for each model. We used
area under the receiving operating characteristic curve (AUC) to evaluate training and testing
datasets (Fielding and Bell 1997). In general, an AUC of 0.75 is considered informative (Elith et
al. 2006); although, the higher the AUC, the better fit the model. Although ecological niche
models will show whether there is projected overlap in the distributions of H. . lacerata and
H. l. subcaudalis, the results do not distinguish between background differences and their
influence on the models. To consider this, we used tests for niche equivalency and background
similarity.

Results
Phylogenetics

We recovered 2156 bp for both loci (1002 bp for ND2 and 1054 bp for RAGI). There were no
gaps or indels found within amplicons. For ND2 mtDNA, BI analysis was run under HKY + I
and GTR + I models of evolution and ML analysis was run under GTRGamma. These resulted in
highly congruent phylogenies across BI and ML analyses. The topologies resolve two
monophyletic, fully supported clades (posterior probability = 1.0, bootstrap support = 100; Fig.
5.3). These clades represent H. lacerata individuals from north of the Balcones Escarpment and
H. lacerata individuals from south of the Balcones Escarpment. Within the southern clade, there
were two subclades (posterior probability > 0.95, bootstrap support < 95; Fig. 5.3) corresponding
to southwest and southeast Texas, respectively.

Haplotype network analysis for H. lacerata ND2 mtDNA gene indicated 38 unique haplotypes
from 66 samples included in the analysis. These haplotypes cluster into three distinct
haplogroups, which correspond to distinct geographic regions (north, southwest, southeast; Fig.
5.3). We observed no regions with shared haplotypes (Fig. 5.3). The northern haplotype group
was over 90 mutational steps from the nearest southwestern haplotype, and over 70 from the
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nearest southeastern haplotype. The southern haplotype groups differed by over 30 mutational
steps.

Uncorrected pairwise (p) genetic distance, for the ND2 gene, between three clades/haplogroups
was greatest between the north clade, and the southwest and southeast clades (8.70% and 7.60%,
respectively). P-distance between the southwest and southeast clades was 3.20%.

The BI and ML analysis, run for selected models for Holbrookia lacerata RAG-1 nuclear DNA
gene all resulted in highly supported polytomy (posterior probability > 0.95, bootstrap
support > 95) uniting all H. lacerata individuals relative to outgroup taxa (Fig. 5.4). Topologies
across all analysis were all concordant. The network analysis contained 66 phased sequences (in
group taxa only) and resulted in 36 distinct haplotypes. Unlike our results for ND2, the RAG-1
gene does not show discrete clustering wherein all individuals were reciprocally monophyletic
by geography (north, southwest, or southeast), although some internal clades do show some
geographic structuring (Fig. 5.4). However, within these internal subclades, there is only one
instance of a haplotype being shared between geographic regions (southwest + southeast; Fig.
5.4).
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Figure 5.3. Locations of tissue samples of Holbrookia lacerata used in the analysis
In all cases the northern species (Holbrookia lacerata) is green. The southwestern population of
the southern species (Holbrookia subcaudalis) is red and the southeastern population of the
southern species is blue. Median-joining network (left) of the observed 38 haplotypes for ND2
mtDNA gene sequences of 66 spot-tailed earless lizard individuals. Circle sizes are proportional
to frequencies of haplotypes. Black circles indicate missing intermediates (unsampled). Cross-
hatches represent mutational steps with all greater than four denoted by the number of steps.
Bayesian analysis of the mtDNA ND2 gene (right). Numbers at the nodes are posterior

probability values. Asterisks indicate values = 1.
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